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Abstract Objective-. AT-acetyicysteine (NAC) is a muco- 
lytic agent with anti-oxidant properties. It might have 
potential positive effects in renal patients and, therefore, 

its pharmacokinetics and safety in haemodialysis was 
investigated. 

Methods; Twelve dialysis patients received 2 g NAC 
(10 ml NAC 20% solution i.v.) mixed with 500 ml saline 
during the first 3 h of the session for six dialysis sessions. 
A bolus of heparin was injected intravenously as 
LWH-heparin. In six patients, one session was repeated 
with NAC mixed with heparin and infused through the 
heparin pump. 

Results: Baseline NAC was on average 454 ng ml~^; its 
concentration increased to 9,253 ng ml"^ at the second 
infusion and attained a steady state between 
14,000 ng mP^ and 17,000 ng ml~^ at the fourth dose. 
We observed a C^ax of 53,458 ng mi~^ with a r„,ax of 
3.0 h. Plasma clearance was 1.25 Ih""^ and dialytic 
clearance 5.52 1 h~^ No side effects were observed. 
Conclusion: In the case of repeated doses, the NAC 
pre-dose concentration after repeated infusion of 2 g of 
the drug during the first 3 h of a dialysis session reached 
the steady state at the fourth infusion, without further 
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accumulation. The dialytic clearance is effective, the 
total body clearance being reduced to 1.25 1 h""^ In 
,dialysis patients, 2 g NAC given intravenously over 3 h 

is a safe dosage, with no short-term side effects. 



IniroduGtion 

Patients with end-stage renal insufficiency, on regular 
dialysis treatment, are prone to suffer from cardiovascular 
diseases and show a high mortality due to stroke and 
ischaemic heart disease [1]. Dialysis patients present 
various risk factors for atherosclerosis, such as hyperlip- 
idemia, hyperhomocysteinaemia, abnormalities of 
glucose and calciimi metabolism, h3rpertension, hyperii- 
ricaemia and my togenic factors that can stimulate smooth 
muscle proliferation [1]. Polymorphonuclear cell-niedi- 
ated oxidant injury is also an important mechanism of 
endothehai dysfunction in dialysed patients, which leads 
to adverse cardiovascular events [2-8]. 

Elevated oxidative stress has been related to increased 
cardiovascular risk in dialysis patients. In fact, oxidative 
stress in this population is higher in patients with 
cardiovascular diseases than in those without [9, 10]. 

Hypoalbuminaemia is the most powerful predictor of 
mortality in end-stage renal diseases, and it is mostly 
caused by decreased albumin synthesis [11]. As albumin 
concentration and synthesis are primarily determined by 
non-nutritional factors, a positive effect of A^-acetylcys- 
teine (NAC) on the albumin level in cachectic patients 
seems possible, probably through a change in the redox 
state [1 1]. 

A^-acetylcysteine is a mucolytic agent, which plays a 
primary role in the maintenance of adequate GSH 
(reduced form of glutathione) levels, contributing to the 
cellular protection against harmful agents [12, 13]. Being 
an anti-oxidant agent, NAC might be potentially useful 
in dialysis patients. A previous study by Tepel et al. [14] 
in chronic renal failure patients, who received 600 mg 
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BID of NAC orally for 24 months, reported of a de- 
crease in the achievement of primary end-points (cardiac 
events, ischaemic stroke, peripheral vascular disease) in 
comparison with patients on placebo, with no difference 
on cardiovascular or total mortality. As a pilot study, we 
wanted to investigate the pharmacokinetics and safety of 
a higher dose of NAC given in haemodialysed patients 
as an intravenous (i.v.) infusion with a dosing schedule 
of 2 g over 3 h during dialysis sessions, which will be 
considered for future clinical trials. 



Materials and methods 

Subjects 

During the first phase, we intended to recruit 12 
end-stage renal disease patients^ who underwent chronic 
maintenance haemodialysis three times a week, for at 
least 6 months. They should not have been suffering 
from an uncontrolled arterial hypertension, not have 
been prone to hypotensive episodes nor have presented 
with clinically significant diseases as determined by his- 
tory, physical examination and laboratory tests. Patients, 
who participated in other trials within the previous 
3 months, were alcohol-, drug- or nicotine-addicted or 
were overweight (>15% of ideal body weight) were 
excluded. During the second phase, we intended to repeat 
the pharmacokinetic study day in a subgroup of patients, 
with a modified NAC administration modality. 

Dosing and sample collection 

Dialysis was performed three times per week with a 
session duration of 4 h. All patients were dialysed with a 
Fresenius 4008H haemodialysis machine using a Frese- 
nius F8 polysulfone LS-m^^ dialyser. Blood flow 
(250 ml min~^) and dialysate flow (500 ml min~^) were 
kept constant. 

This study was conducted in two phases. The first 
phase considered 12 patients and lasted for six consec- 
utive dialysis sessions with NAC infusions, with all pre- 
dose samplings and a curve lasting 48 h after the last 
infusion (dialysis 6). The second phase was carried out 
on 6 of die 12 patients from phase one and concerned 
only one dialysis session with NAC infusion. 

This study was a clinical, open, one-way trial, with 
repeated individual doses every 2-3 days. After a run-in 
period of I week, a dialysis was performed without 
NAC infusion (dialysis 0), and blood was sampled at 
0 h. Then during the next dialysis, 2 g NAC (10 ml 
NAC 20% solution i.v.) mixed with 500 ml saline solu- 
tion was infused into the venous line (after the dialyser) 
during the first 3 h of the session. A bolus of heparin, 
needed for anti-coagulation during haemodialysis, was 
given i.v. as LMW-heparin. The same infusion has been 
repeated during the successive five haemodialyses. 
During the infusion, blood pressure and heart rate were 



continuously monitored. Blood samples were collected 
during the last dialysis with NAC administration for the 
pharmacokinetic analysis of NAC (dialysis 6: at times 0, 
3, 3.5, 4, 6, 9,^12, 24 and 48 h). Furthermore, the other 
days when NAC was administered (dialysis 1, 2, 3, 4, 5) 
blood samples were taken at time 0 (beginning of the 
infusion). During the last dialysis, blood samples for 
drug assay and haematocrit were taken at times 3.0, 3.5 
and 4.0 h simultaneously from the arterial and the 
venous lines. A follow-up sample was taken 26 days 
after the beginning of the study. 

After having excluded interactions between NAC and 
heparin in vitro, we modified the administration 
modality of NAC. The experiment was repeated in six 
patients as in dialysis 6 with 2 g NAC, and the required 
heparin mixed and dissolved into 30 ml saline and in- 
fused over a 3-h period through the heparin pump, 
which was already integrated into the dialysis machine 
prior the dialyser. 

Plasma concentrations were evaluated for total 
glutathione and total cysteine at dialysis 0, 1, 2, 6 pre- 
dose and at follow-up, and plasma concentration of 
blood urea nitrogen (BUN) at dialysis 0 pre-dose, at 
dialysis 1 pre-dose and 4 h, dialysis 2 pre-dpse, dialysis 6 
pre-dose, at 3 h and 4 h and at follow-up. 

This protocol was approved by the ethics committee 
of the Canton Ticino, Switzerland. 



Bioassays 

7V-acetylcysteine was assayed in plasma by means of a 
high-performance liquid chromatography (HPLC) 
method with ultraviolet (UV) detection. The method 
involved the derivatisation of NAC with iV-(4-anilin- 
ophenyl) maleimide after reduction of the oxidized thiolic 
groups of NAC with dithiothreitoL A^-propionyl-L-cys- 
teine was used as internal standard. The chromatography 
was performed on a ODS reverse-phase column, and the 
effluent was monitored using UV detection at 290 nm. 
The method was validated over the concentration range 
50-1,000 ng mP^ using 0.1 ml plasma. Both intra- and 
inter-assay precision and accuracy for quality control 
(QC) values at three concentration levels (900, 500, 
150 ng ml"^) proved to be within 5.0%. Specificity was 
good, since no interfering peaks from the matrix were 
detected. The limit of quantification was 50 ng rnP^ with 
coefficient of variation (CV) values of 1.4% and 8.9% in 
the intra- and inter-assay tests, respectively. 

Total glutathione and total cysteine were assayed in 
plasma using a fully validated HPLC method with 
fluorimetric detection. BUN was assayed in the hospital 
laboratory according to the operating routinary method. 



Pharmacokinetic analysis 

For each subject and each treatment, the following 
pharmacokinetic parameters were considered: 
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-max 



AUC48 (ng mr^ fa) 
Clp (i h-^) 



Peak concentration (maximum 
plasma concentration) 

Time to peak plasma concen- 
tration 

Area under the curve 
Total plasma clearance 



Ail pharmacokinetic parameters were directly extrapo- 
lated (Cmax, ^max) OT calculated (AUC48, Clp) from the 
individual concentration~time data using the program 
WinNonlin provided from Pharsight. The area under the 
concentration-time curve from the time of dosing to the 
last quantifiable concentration was calculated by mean 
of the linear trapezoidal rule. 



Dialytic clearance 

The dialysis clearance (CId) of NAC was calculated 
using the arterio-venous difference method, according to 
the following formula: 



ClD = fib(l-^Hct) 



A. 



where 2b equals blood flow, Auct haematocrit of arte- 
rial-line blood, Ap arterial-line plasma concentration 
(before dialyser), Vp venous-line plasma concentration 
(after dialyser) and Vuct haematocrit of venous-line 
blood. 



Statistics 

All pharmacokinetic parameters were smnmarized by 
treatment and were subjected to descriptive statistics, in 
order to have mean and standard deviation. Analysis of 
variance was carried out on In-transformed variables, 
using WinNonlin from Pharsight. 



Resiiiis 

In three chronic in-centre haemodialysis programs, 13 
patients (10 males and 3 females) gave informed consent 
to participation to the study. The first patient had to be 
replaced because after the first session he received a 
kidney transplant. The 12 patients who completed the 
study had a mean ( ± SD) age of 57 ± 9 years and weight 
of 78 ± 8 kg. The patients' characteristics are listed in 
Table I . Of these patients, 6 gave their consent also for 
the second phase of the study. 

Pre-dose plasma concentrations of NAC are pre- 
sented in Fig. L Baseline NAC concentration on study 
day 0 was on average 454 db I93ng mP^ (mean±SD). 
The pre-dose NAC concentration before the first 
administration was 1,937 (±2,212) ng mP^ This was 
caused by three patients who showed values markedly 
higher than the other patients, Pre-dose NAC concen- 
tration increased to 9,253 ±4,162 ng ml~^ at the second 
infusion (dialysis 2) and ranged on average from 14,000 
to 17,000 ng ml~^ in further pre-dose samples. The first 
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Fig. 1 Baseline (dialysis 0), pre-dose and follow-up concentrations 
of A^-acetylcysteine after a 3-h infusion of 2.0 g of the drug in the 12 
subjects. Mean (thick line) and standard deviation (bars) are also 
given* 



Table 1 Demographic data and main concurrent illnesses of the enrolled patients 



Subject 


Sex 


Age 


Height 


Weight 


Main concurrent illnesses 




(years) 


(cm) 


(kg) 




1 


Male 


76 


173 


67.0 


Hypertension, osteopathy, anaemia, peripheral arteriopathy 


2« 


Male 


51 


172 


81.4 


Epilepsia, hypertension, anaemia, hypercolesterolaeniia 




Female 


61 


167 


82.0 


Anaemia, hypertension 


4^ 


Male 


67 


173 


74.4 


Anaemia, hypertension 


5* 


Male 


54 


162 


83.0 


Diabetes mellitus, anaemia, hypertension 


6 


Female 


51 


174 


88.0 


Hypertension, osteopathy, anaemia 


7 


Male 


54 


176 


87.0 


Hypertension, anaemia, diabetes insulin-dependent 


8 


Male 


65 


167 


69.0 


Megaloblastic anaemia 


9 


Female 


51 


170 


66.0 


Hypertension, anaemia, ischaemic cardiomyopathy 


10^ 


Male 


46 


178 


78.0 


Hypertension 


IP 


Male 


48 


179 


83.0 


Anaemia, hypertension, osteopathy, peripheral arteriopathy 


12 


Male 


55 


162 


81.0 


Hypertensive cardiopathy, anaemia, osteopathy. 



gastritis, chronic obstructive bronchopathy 



^These patients participated also in the second phase of the trial 
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pre-dose concentration (day 0) was statistically different 
(P< 0,001) than all other pre-dose values. The steady 
state of pre-dose concentration was reached at the 
fourth dose of NAC, The blood concentration of NAC 
continuously decreased in the follow-up period, but it 
was still four times higher than baseline (2,129 versus 
454 ng ml~^) 14 days after the last dose. Concerning 
pharmacokinetics, we found a C^ax of 53,458 ± 12,998 
ng ml~^ with a r^iax of 3.0 ±0.0 h and an AUC48 of 
1,094,336 ±326,797 ng mP* h (Table 2). Plasma clear- 
ance of NAC was 1.25 1 h''^ which corresponds to 
0.019 I h""^ kg""^ Dialytic clearance of NAC measured 
at times 3.0, 3.5 and 4,0 h after the start of the infusion 
at the dialysis 6 was on average 5.52 1 h'^V 

In Fig. 2, we compare the pharmacokinetic results of 
the first and second phases of the study for the six 
patients who repeated the experience. We observe 
smaller Cmax and AUC48 (about 50%) values during the 
second phase, but a higher Clp and comparable Clp* 

The dialytic clearance of BUN, calculated from 
arterial/venous plasma concentration at 4 h at dialysis 6, 
was on average 8.9 i h"^ and 8.7 1 h~^ during the first 
and second study phases, respectively. Plasma concen- 
tration of cysteine ranged on average 36-41 ^g ml~^ in 
baseline, pre-dose and follow-up samples. Plasma 
concentration of glutathione ranged on average 1.45- 
1.56 jxgmP^ in baseline and in pre-dose samples and 



Table 2 Pharmacokinetic parameters of 7V-acetylcysteine (ng m!~^) 
for the first study phase, after the sixth 3-h infusion of 2.0 g of the 
drug. Cjnax peak plasma concentration, A UC area under the plasma 
concentration-time curve, Clp plasma clearance, C/d dialytic 
clearance 



Patient 


c 

(ng ml" ) 


^max 

(h) 


AUC48 
(ng ml ^ h) 


Clp 

(i h-») 


CId 
G h-') 


1 


45,580 


3.0 


844,892 


1.72 


4.56 


2 


llAXA 


3.0 


1,423,417 


0.78 


5.47 


3 


56,630 


3.0 


1,327,713 


1.03 


5.63 


4 


70,597 


3.0 


862,747 


1.16 


4.58 


5 


45,693 


3.0 


1,129,531 


1.01 


6.65 


6 


56,982 


3.0 


1,541,558 


0.51 


5.53 


7 


62,623 


3,0 


1,439,179 


0.62 


5.76 


8 


29,732 


3.0 


440,794 


4.02 


3.56 


9 


41,623 


3.0 


954,057 


1,08 


7.50 


10 


50,949 


3.0 


1,190,579 


0.75 


5.25 


11 


56,701 


3.0 


1,209.738 


0.75 


6.39 


12 


46,972 


3.0 


767.83 1 


1.58 


5.39 


Mean 


53.458 


3.0 


1,094,336 


1.25 


5.52 


SD 


12,998 


0.0 


326,797 


0.94 


1.03 



increased to 1.94 jig ml" ^ and to 1.80 fig mP^ during 
the follow-up period after the first and second study 
phases. Safety was good in all the cases. 



Discussion 

In the case of the repeated dose regimen, the pre-dose 
concentrations are an expression of accumulation and/ 
or steady-state achievement. Our study demonstrates 
that the pre-dose concentration after a repeated infusion 
of 2 g NAC during the first 3 h of a dialysis session at 
first increases and then reaches the steady state at the 
fourth infusion, without further accumulation (mean 
concentration between 14,000 ng ml~^ and 17,000 ng 
ml~^). The dialytic clearance is effective for both NAC 
and BUN, being most effective for the latter. The total 
body clearance of NAC was instead reduced to 
1.25 1 h"^^ corresponding — for a mean body weight of 
65 kg—to 0.019 1 h~^ kg~^ In non-dialysed subjects, 
much higher total body clearances were measured 
(Hoidiness [15] reported 0.1 1 1 h~^ kg""^ and Jones et al. 
[16] 0.10 1 h~^ kg~^). Dialytic clearance dtiring the sec- 
ond phase was similar (5.66 1 h~^ versus 5.27 1 h~^). The 
difference between the dialytic and total clearance arises 
from the different measurement intervals (1 h for dia- 
lytic clearance and 48 h for total clearance with the 
dialysis operating only for 4 h). The concentration of 
NAC in fact continuously decreases during the follow- 
up period, but it was still four times higher than baseline 
14 days after the last dose. No side effects were ob- 
served, such that NAC 2 g infused i.v. for 3 h during 
dialysis can be considered well tolerated and safe within 
the limits of the small number of patients in the study. 
During the first phase, NAC was infused in a venous line 
separated from heparin, which was given i.v, as a bolus 
as LMW-heparin; during the second phase, NAC was 
mixed with heparin and then given through the heparin 
pump. The comparable results concerning pre-dose 
concentrations during both phases show that there are 
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Fig, 2 Peak plasma concentration (Cmax), area under the plasma 
concentration-time curve (AUC), plasma clearance (Clp) and 
dialytic clearance (CId) in the six patients who were studied during 
both the first phase (heparin in bolus i.v. as LMW-heparin prior to 
and NAC infused after the dialyser — grey bars) and the second 
phase of the study (heparin i.v. mixed with NAC given prior to the 
dialyser — white bars) 
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no important interactions between heparin and NAC 
and that the administration via the heparin pump is a 
suitable option. The comparison of dialytic clearance 
with plasma clearance indicates that NAC is effectively 
cleared from the body by the dialysis process. 

In the rare cases of patients with paracetamol poi- 
soning accompanied by renal insufficiency, the current 
therapeutic strategy with NAC is inappropriate and 
needs to be modified. While the first dose can be given 
unchanged as loading dose (150 mg kg~^ in 15 min), the 
second (50 mg kg" in 4 h) and the third doses 
(100 mg kg"*"* in 16 h) should be reduced by one-third 
since approximatively 70% of the total body clearance 
of NAC is non-renal [15]. In the case of haemodialysis, a 
supplement dose should be added at the end of the 
dialysis session. Considering a dialytic clearance of 
5.52 1 h~^ and a volume of distribution of 0.40 1 kg~^ 
[15], we obtained an elimination constant (k) of 
0.21 h""^ For a session of 4 h, the removed dose (also 
corresponding to the supplement dose) results 

1 ^ e-*' = 1 ~ e-^«'^^)<^) = 57% 

of the given dose; in other words, about half of the 
amount of NAC given during dialysis has to be replaced. 

Regarding pharmacokinetics in both study phases, a 
statistical comparison is not possible since the modality 
of NAC administration was different; during the first, 
NAC was infused via the venous line, after the filter; 
whereas, during the second phase, NAC was given with 
heparin prior to the dialyser and, therefore, the drug 
underwent a "first-pass" effect. The distinct adminis- 
tration modality explains most of the differences in the 
pharmacokinetic results (smaller Cjnax aud AUC, higher 
CL and similar Cln). 

. These preliminary results are important because they 
could be useful for further studies in various clinical 
situations where NAC may play a role. In addition to 
the possibility of acting as an anti-oxidant with potential 
advantages in the albumin synthesis [11], which is an 
important prognostic factor in uraemic patients, 
hydration associated to NAC is considered by some 
authors to be an efficacious manoeuvre for nephropro- 
tection when iodinated contrast agents are used [17], 
However results on the role of NAC in this context are 
at the moment uncertain, because various trials have 
failed to confirm this finding [18, 19]. For instance, a 
recent meta-analysis reported a reduction of the inci- 
dence of acutely increased serum creatinine after 
administration of intravenous contrast, but this finding 
was of borderline statistical significance and the authors 
were concerned with the heterogeneity among trials [20]. 
It is also not clear whether NAC could reduce the length 
of hospital stay in patients receiving intravenous con- 
trast. For these reasons, a standard recommendation is 
premature, and new randomized trials on this topic are 
required. Nevertheless, a potential nephroprotective 
effect of NAC in patients with severe impairment of 
renal function undergoing radiographic examinations 



deserves a rigorous evaluation. It is true that uraemic 
patients, and especially dialysis patients, have only a 
small residual glomerular filtration, but even a protec- 
tion of the remaining function is suitable to maintain 
water balance, a crucial point in the life quality of 
dialysis patients. It is also plausible that NAC could play 
a role in the correction of renal anaemia, particularly in 
erythropoietin-resistant anaemia. A study protocol 
concerning a potential effect of NAC in anaemic dialysis 
patients was prepared, and the study was ready to start 
but it has been secondarily cancelled for reasons that are 
unclear [21]. 

In conclusion, our results demonstrated that in dial- 
ysis patients 2 g of NAC given i.v, over 3 h is an 
acceptable dosage from the pharmacokinetic point of 
view, which in the short term did not produce side 
effects, at least in our small patient population. A steady 
state was reached on average after four dialysis sessions. 
A suitable administration modality is the heparin pump 
mixing NAC with the required heparin. 
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stouJi is coniolted at the Icvd of gefle tT^cdptioii. A 

«*ei^iy&^ P^lp; JGLr4 am! t^^^ fete 

^63! ai« iiufeicosi Iby activ43^ed S lias hjem pm" 

that Sam^arqsfeti 
c^tdl rs>!c lit liili^i^r^^ 

i^S^ 'has- lieia: ;i^3ifHc?^^ a: ^^Sk of yis#^ 
Is » icmibisr of Rfi! to% iof ptot«$ku^ n: 



*Hi« work ira^iwtcd fey 
^pli Fom^sskm, New Lai^» Havaat, 



kinases [9-11]. ilim W^ of activated NF~ 

jicR Soxn the <^ft(35>Iastr to the mjelDos, 

lib i^ets of xjfS^ |»n3-in|la^^ cytoicmes ai» 
iiisrm^ til iipgvtiispi Is^^Pdw^ the meebaiiism of this 
tijp^giala^^ It has been sho^ that 

^t03cin^ stich OS iW arc i^tfisq^iSonaliy r€fuiat(^ by 
ms^ i^i^ G^^tutsvG expression of 

K^lpis^io^t tiiKte control in healthy tissues and this 
is m in5>ofts«xi: nifi«ptootl|i^ cyiokific in the mediation 
of llisc^oij^^ ^flfcete in the lung 

mMqtx^ i^oits regarding the Ijb- 
ih <^id&5 network, very little is 
ioiowni abdut i^fe inc|couJar ibi^I^tos govcming its 
li^^jioiii In r^^is^ tho tnoiceul?ur rcpiia^n 0 

*^ wa$ iavesti^^ I Wh^cf this r^ulation is tinder 
«soaD5te£^ and, in jartimlai; the effect of iiitec(*litte 
thiol status was also ^^dlesd using Ste eoiisjKnnid M^sutc^ 

was d^5iy^©cl jSi 

r^lfeifdSi of IL-tp by NAC in a human 



Sie licB motif [8]. fei^f^ ii IdiMized in 

isjl^ajstn^te bindii^oilWil^^ 
pritnaiy event in ^ activation of Wp-id| is |io!^pl^i^v 



Uioless o^ervwisoj 
u»ed in tiiie 
ChcMieal Co^ 



all of tht bloeh^niestf reagents 
w<»e purdiased fiom Sigma 
UK) asnd cM m^tm^ media ftom 
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im-\ cdls were maintained iii suspeosion in Roswell 

10% fbeta! ealf scrism. For expecmKnts, the cells wer| 
plated in six-well ailtoe disfaes at a densi^ of 1 x IG 
ceOs^ml/l iJiff^^tiatKHi of THP-I monocpes Into 
iTiac«^a|^ was |iy <>v€mfght irtcfifea^c»i phorbol 
ni^psfe^ acmie (P^[# at a cc*u»^^ of 10 f*M. 
Oii^tiit^t^ cdls aiSieted to the flasks i?g|ug«as uridife- 

nHHoved by msliipf pt3:^^p|^%iS^^ saliae 
pH I J!^. Adherast mac^^^fefflp^te cells were 



M. PAitMENTlER ET AL. 



GsMs \*TOe NcuMtcd in sm«o*-t«je oKsditrm alone 
{contio^ or with LPS ^tt ii^f^aiSt^ J, li^ ^ilcts of 
(i, 5 and 10 mM) and j^iyyEaAiji^ imm^e^^ esfcr 
(GSHMIEE.; 5 mM) on tt^tP i^efe^^d^ cells 
wijre studied without Or with eolr^jaMon witii LPS {10 
ligijnL^*) fer 24^ CyclohcxixiilteO^ |ig*mr*)and 
i^i^e a«ii (OJ jiM) Were intrpdiiccd at ^ 
Mn, i?^^^ jUtgrmL'^) and 

Pr^pmatfon of meimr eximcts 

After LPS and MAC treatment ior 24 the medium 
ovedptig the cells was hai^es^ for meastirsKnent of 
cytokine secretion and replaced with ic»-coid PBS. THP-1 
cells were harvested by scraping, fc^Howed by centrifu- 
gation at 1 ,000 x g. Nuci^^Oxa^ 
the method of StaaI et aL 171, 



Binding rEa«3tlons^w [iL using 1 .5 or 

1 m (4 and r^specdvely) nuic^ear extmct protem and 



0,25 m&'ioL pois^drnxyma^^ 




txtt&m w^e inconmca witn a Y-^'^-aoenosmc 
l^phc^hate er£cNal:^led dm^ 

Per tS#|ap|^^ ^e ffljf tear eato^ 
W€i^ |fe;t inc^^ wiiii the ^pni^p^ fiirftfcO(% {^al?&it 
zuritiSiiiim NF-kB p50 and p6S, j^iP t^ aiid i^ElP 28S 
0emtee, C^lbrd, UK); 2 |tL) in a ecmi^eSlilj^ of I 

as a eotitidl afi#i^ ^aofiqtfc^ 

v^fis^ of llW^ wane fiieit iMfnd lai^iismm^^ 



Western Mot analysis 

THP*1 ccWs were iped in bu^o' eorflaiiitiig 10 mM 

^^^^hydroicyelhylinpf^razin^^ ac^d 
% pH 7.8) 10 ailll t iri^f ^lifiLa, 0.t tm 

^arUi^! Ifms^^ J^ i^M NiFv I isSf $Qimil(i 

Pi»»iein 1^ 



on to a 10% po!y^ciyla|nidc gel and then transferred to 
nitrocelliiiose After »ai|iration in Blotto (5% diy milk 
powder and 0.05% fwelai 20 m tri^ydrd;cynncthyl)anii- 
nonic^fiaij^ I fe, tibie blot was 

piobed with d^Sa«mt niibbit anteodies dependent on the 
protein b*^% araii^^^ and -p65 and anti-lKB-a 

{sc-203; Santa A secondary goati|i^ti^bit anti^ 

body (&SQtdsh At^i^^ {if%iM0m^, UK) 

conjugsO^ to hor^enfig^ip p^oxidase was added and gels 
wsane dey^oped mt^g el^ez^iaxiinesc^^^ and a^radio* 



Blbi»li«^de arid pJjA) was i&olafed from THP- 1 cell? 

lis Tecjl^mlop^ 1^$le5^ 
^»B^ed aqcQiding to the 
instrui^ii^ 1^ ibdniologie^. 

lli^ Ti^sulte^ e<^9c^4p#**^ t^i^iis^A) was sca^ at 




^0^!Ca^0^0^ pmfeans were chosen tising die pub- 
lished sequence of hximan lL4p <^NA [15] and p-^n 
lie i^itt^ for it'ip |^*#^ sptheslzcd 

by MVfc^ SioteCh (Mlj|mi^^ UK). The sequences of 
the pi^ner^ tased in tM poi^^me^e chain reaction j(Pi5E) 
were as follows: XMp sei^; JMiRQH®^ 

tCmoMmkM^ limm sense: 5^^«:- 

CAjfy^^l^di^feb^<^^ and |3-actiB antisense: 

aidi^ dfeGK^ li^ittoe ajD^ wsed for the PCR 

tpf ite to mln at 94''C 

at ^a^«l a^ ttoa^^ iii»ttof-|%.iite 
polymerase jpKwH^ W mM ai tt=^. The g^actin 
1^ i^»ti3ffissas min at liiovpt % M 

f^^dmm^mB atS**e t m^Ct ami s at 7^<£^d a 




'^i^a^^0s^^ a i^i^i^ t^i^ve Ote irv^stsl ty of 



En^mp'iinkM immmb assay fqr mterl&tiiMn'^i 

ThtftBZ^^ai^W^ v»ls 




^4 liilEfff^iit 
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Statistical analysis 

aie ^^pressed a$ mean±SEM. Data cpn^aiisoii 
was earned out using analy^s of vlo^c^ foilowed by 
the Tukcy post hoc tc&t fdr muMgitKip cdmpansoi^ Iho 
software pacjkage Instat 2 (Gn^hF'ai^ Sirt DI<^o, Ca, 
USA) w?i5 U5cd for &is «u}«ty$ls. A p-vftlue of <€f.05 was 
r^ar^ as signific^mt 

.^^fe/;? <^ Upoppl^^aixikaniiei f^-m^f-^rc^i^tm and 
ghumHiane mameihyl esUr m MeeimiMni- tfi rel&m 
from 7HP-t celis 

At * ccmccatmfidii of 10 p,g-mL:^\ csased a 
ibid incxeissc 111 Il^I ^ i#eai^ .mxBse^an far 24 h 
{^$, I) lh»iio clss£(^ Jii 
xo fliti^yse the eifect of antvo^ctdant ttiliols os 
release TBP- l cells wcms ii»E»^ for 24 h. 

NAC ^lonc lid oiBfect 0ft ^|^^ jr^^i$^#i|E^ ll^Hf^l 

0(S»q5niEmtl<^ of f KII^ Sl^E93ES^ SC»^ ^f 

ideutocloti iHir 4 mj^^^^ ^0 tthmi 

oi^ufliedi^ tij^ life #Jiii^:SnMS- 

t'^'^^ sect^^ptt wai^ aid; 4cfS^ 

ditit* M a:-c^p£?crn^^ :af 1, !fSt€ ■dMi.ieklifrfi^^^ 

m^lliifed B.-l^ ne^eaise c^scrv^cd wl^ If AC was not 
rq»rcKluced using the thiol coizipound ;0Slf ^;/IEE (fig. 1). 

Effect of cycloheximide and okaiiUiic acid on 
L-eysteine^induced interieukin^lf^ r^em^from tMP^l 



la Older to inv6^ate tile mecliua^ % wfaieh NAC 
enhances LPS-mediated £L-10 i^easOi cells were pre- 
treat^^withCro^ (1 |i^^mi/^) to preverit 




ester (GStfl^EE) «nd A^sac«^^.-cysi^™<l*^^ on int^ilcukn^ (tL- 
IP) nsleasc by TKP-I cells. Cell* w«m imnjli8Se4 id «cam?^fi^ medium 
aldnc (control) or with LPS (10 |ig-mL'*). ti^sitmuia&^ ceils were 
coincubai^ wiih or withowi NAC (U 5«riO mM^<»^^Sf^Eli^ mKiJ 

linked miitiunw^ Ojola: {lire ' 




tedlrssvieaot * LPS 



Fig. 2. - E|!^fi& o^cy^lqHipt^te^^^ or okadaic add (OA) on yV- 

ii€«^lHL-cYStewe ^A(5)Tiad»Ccd iasi^^ (IL-1^> rctcase by 

THP-'l ccllH. C^lii wiife pretleiWe^ (S) Of with CHX (1 iig- 

mL**> 60 »|ifi (fiS) iffr OA (0.1 |iM) for 90 mrn TJic cells wcr? 

with %o^yi(^#adi^ l^|jg?inL**)i l^^siimiaatei^ wcfi? 
coiii«saitof ^ or 5 mM) for i4 h. 

lL»i|i accum^ in OK^cUta w«s iincaisur^ by cnzymMifUcie^j 



Fs^sil^ 2 shows that a 6^itTO prclro^tiiiait had 

no efifbct on Ll^^^i^^ rcIease^ Moij#^Ol^ 

the effect of NAC on Li^-mduced release wsus 

tocajfy afeolished by inhibitiiig protein synthesis. One effect 
of MAC is to increase Ifatraceliular glutathione levels 
[18, 19], Thus it was decided to iiwestipwe wheiler the 
mhiliiiory cfrcet of CI^X spec^^^lly to inhthi- 

tioa of gitttaiiioiie. C^li px^^mts^ with CHX v/ere 
iQcukmed io the pt«$enlsee|of the thiol-repleaishmg coxn- 

level >wa$ de^toi^ 9iar MAC^#^i;ij^ 

inaceasied refe^ <m»£0t tie restored by ad^on of 

Na^i&^aedia^ Itetlgafiaiitfof 11^^^ involved a ptefe^o^ 

s^liii^^ecmir^ 1 aruj;^ tes#t^ 

mod% effect of t^fe^ on jyPS^iiidiieid 
#om fffiM cells % "W^ result mij^i^ Ihitt ^ 
efifcei of NAC <ai l£-*l| release is itot Ji^gh kte»^ 
actlt^Ofii f 



Effects of iipajf^fysat^c)^ i^^ceiyi-L-^i^isMne on 

fia^^ir^ demonstm^ that NAC cnlwces lM?S-ii>duced 
tL-ip f^easej it Was s<^^ to ih^csi^tiJ this ellfejtat^ t^ 
mRNA level by sm^0m^it^^ PCR. flL-li mMA 
expw^ssion after 4 and M H was mfi»s^3*!5^ u^Ji^ p-m^ 
crtJthIA as a eontxoi (fi^. 3). IL-l^ iJ^l^?^ i^v^ were 
inc^rie^scd bjr iitieufeattoni viSBi NAC, predoiti|n?inilif sifter 
4 h {25fi and i iS% Increase compai^ k> uneicis^ 



f 

i 

i 




^ 1.0 



(PC 

E 0.6 






cXg^g»Q« in WP- J ^Jls* Totsi Kl^i^i«^l» fi^as cdls iticubatwi ifi «fum-fiiic medium «ionc (cdn{mr(!^) ror witl) IJPS (10 |i«-inL"^) with or 



In or<foc to ittvesfS^ the rdisrtioi^p between IL-IP 
rdease and NF-xB ONilrtsladws, the <gfifea of NAG and 
LPS on tiie ti:anscnp00n ^ms d^errmsed. 

H)e preseisee of L^S in the eisJUifie^ medsuin inmases 

Xfl^riikiiK^ NF-K© BI^A^AIkfiaj^ {fig. 4). this xesuh 

not sho^. Simlirttf 11^ ifdfe, l«JAC 0 mM) 
ire^^t lucres^ JiF^ iSI^CA^mdi^ by 166% 
to contsnpi 



fiMiCT cxplon: Ui^ associated sig^t^llmg events 
involved in tte^iffinscrij>H<^ 

HAp^iodiat^ ac#i;^^ pfNF-.id5 mvolvcd a |fh(^pho^ 
yiad<m st^, pkispbojyiatibii of lidS being a st^ m 
NF-kIB acdvalion, was «>^ittii»ed- U$ing ait increase 
wa^ observed in NF-icB. ilS^indic^ (fig. 4), whieh 
foliowd dc^E^l$ti0ii of ticS <% 5a-c)i pxHte?cd no 
si^ifi^jwit change in tfie Ni^^itH^al^ ic^^^ 
LFS»^niulaied aett^oii, ^i^c^lag th^ a j^ho^ho^f* 
ation step h not the t^tit of MAC. 
The vmimm<>f^^ 



a) 



fcPS 



t» C) . d) 

c im iFs tF$+ t-ps 







^^1 



Ftg« <<. - Nuclciir f^etafvg fti^^i^^ £k^i<fim«its 

wi|[var'wi|l^ Tife#^:afi&;ri7.iv^£ii^yc of Oiite separate 

was 4)^ Of isilease of pix)4iifiamiriiatb^ JL-ip, Smim-toe 

conditloas ehosico in orler to avoM any salloxidiant 

jp^fis^ ^0W«^^ the sjSavsr that THF»I cells 

TC^otid lift j^ysaCJ m fee^<%^dent fe^iiion. M hi^ ^tj- 

'Tlfe; i^j^jt ^^icPiSeri -the- 



It #e^i xli^i^iniukl "^rMiM combination 

jpii^S p<>$$;iiis^ an^^ on LPS- 

lnM^ NF-kB blading. A ^i^i^ 6) 

revealesdi that feOife th^ p5ft ai»i |^Spmt<^ ij|*v 
^om^^§ ^e; hiintodiiner ani the N^erodt^^sir 

pS&p6Sv III i^Hjfitaiti ip^m li^^f^^^^ aa to Ikw^ 

NAC |>oi^tia^ the tke 

that both: 1^ i^i^isi' m^m. upneas^^' .in. 

tiiaibe^ ^l|h^ vi^Siin^^m^ 



PS All 



m 



It has n^oited pnevicju^ thsjl LPS ac^at^ tbe 
thF*i cyiil^r^al^ to tmm^is^i^ imih FMA 



a}. 



GSHMEE 






S) 






4 



h) 



immuliit&l cells were ^tndtbifcisa Tfii^ 

^ipjjHii CIkB^); aikl p5Qi p65 ]}n9fein c»|»U;ftl. 

/^ut<s:iilt^^^s^ii typical of ithtcc i nd^;K»!d(aif^octi)ie9<^^^ sliovm^ 




a$^3:> lie m^t^ ^t ^ml^oi^llnf fi^ipi^iitt 
con^bdcnts 6f the 1*#i#B «aj|?lcx roswlig^^ m MijNet^iSt whtn^ 
^ncl^H^^ pSO or p65 ^wete us^ A nonspecific (NS) t>afi<j 

4iiatil«^ 4irti<^ sgKiKatt p50 ?|) ifi two^^^j^^ 

f6#li«wtii- iiti^ ^^i^lrodmicr, whdt«( ih«?iiiboi{6n with 
resit^feci jit only <me 5ojpci#iift^ ban<i 
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Prcvidas studies have shown z cmtld^m bctwecai tifee 
iti ntidear binding and pii^iCfe^ oflL^ 

diverse sriimilt pf, fo JW<ai fcr I5XSR!^^ it 
has lxxn sbovsm i^i^^ at Htg^ c^ei^irifsa^ jnM) 

role for iieael^ ox^p^ (SOS) ia ia«S sigps^g 

niti«*^^ t^i^ acp^Qn in pi^^fe PI- *t 
5tpi5ears, Icmev^ tet effect of KAC is dose* 

ag^imt tM to)d^ 1^ decreasing %if?jgen 
aixamitilatiofiv who^m Mgim concscntiations haw fco 
ojjpc^ib fifect [2S]. ki f KP-l cells, the dos^pcndeftt 
elict a to^hcW 

}^etmm I ai^d 5; tsM. At a cc^cmtratioo of 5 iiM, '^M2 
Ij^%dueie4 NF-kB bind&t^ 1^ iis fia 
acCQliStee wife ihe result of Suzuki m e^. atid 
B^i^i^y^''ff who showed itot 3^^-,:al- similar 

coi^eci^liici^^ <^ not ItiWMt 
indued! by ^itonifttei with caiycuiiit A in Jurkat cells or 

on activation is oiticadly lis^deni upojo 

eoitts^titiiatxo^ siinmlus This II mjiiiTOii^ 

svttit^^nx^M&^ of s^insSi^ 

events is unclear. Fox aid Leing^g [29] ^fiow^ t&tt 
TNF-tnite^ i^r^m activiatlon nrtodi^N W NAC 

In order t© test the hyp<>tbesis that the effect of NAG 
mi^t rcqittine an intennediate event, e?q?emnents w«e 

j^o^|ia*a$e$j ^ GHXj m inhibitor of protein synthes^. 
l%0S]^0r^3ai:to is an Important element in signal 
ttansduction for I^F«ic8 lOJ. lidB dissociation involves 
Its phosjsboiytefion^contc^^ preteHJiytie d^^?a;&ion, 

tion .|tiip[ptrai|^^^ MoisG or irihiSttloft pf 

ajfe;i^i^: -iiim^t^^ OA ®4'fflc^ 
i^teii^ .i|e^ e^pttf -filMS on XPS-induced it-ip ipelcase 
lit^ lljf^i- eelis suad. ;||o: <^ng^ were observed in 
ifi^;^Sii|#pir^ T^fif^ litiiA ifug|c^ ti^^F^ ^ 
not :aai |t|i3eian€»diafe ^fe NAC-i^i 



ia^v^^»»i a| ^ ai^ m eeas^toft wtHi ite &oi ^isis 

A^s0^tsi^ i^: ^iftiritl^ olseir^ m m eai# 
pojuili M&ms^^ Hie: li^njie^ ies^iii m tisat; in 
I^IA|^|^^$Q{^ m#ed m Tffi^t eclfe 

inhiblttiiji^ ii^lt^ N^c on pe pho^lii^A 
By contr^ isiSi3ip^ It t| <iG^ that »s 

s««iy #it«?S5i. ^ ^iirst time* tot jwdiiea^iJ^C^ 

ferti^ synascds in Otfephmjwienoii. 

[30] j^^w%cd ffipditoion of Be actrs^cm of the tcansci^ 

tidii ^pr NF'KB by tntocelhilar reduced glutathione 

"""^i ct^lis, it wa$ ifeiH^ in the pR^t^ld^ that 5niM 
seed li*S-indnccd ijUii release isp^ 
4an^ig^ However, the aiijbms have also 

pott^ anuoxidant ^^Bfect Of tKs data). 

^ »t of e^ls with ^ lai^^^ess 

inhibition of the NAC efoct, i«fgiiiEit ife 



glutathione synteis is rioi inyofvef tn^ acttvaiioh 
of d^usr i^kase or NSF^idB httaJing. Furthennore, 
it iiim i^^Bsx^m^^^ MM^ tmm^ b0&i p50 and 

p$S expzessi^ and thi^ ^is;^ h- the p^^c^^bstble ona^sxni^ 
of im^ps^ l^ro^B acti^€i4 bie at)^ued ithat 

p ^te of I^G but a 



'^-Ti- .. ... - : . _i£l* 






t was 








^ 9 Hi* 



the- rP^^ ipiiii^ is liot 1 

seei^ld^ <^Sfeel ^li^i^ W #ni!g0 W^l^ ifisdf is a 

siEQiig mm^ of ^ d^ii^^ ccHi^ m], 

ar wli^ 

sfip^gly m 1^mmt 0t m 
activation. 

I h yi^l^G (da|9 1^ 
■the:ol^»v^?wi iftifjiM? Has no i^pt oti 
l^icB actfer^n in SunM 

»re, ZnAKO d/. pZf showed a di&Tenee 

3f^ an^ LPS at the 
ms^sfcbr fijvist i^eciipo^ pijy> 0 asid 4 are 

ppesent at the cell niembraae surface and lac 

tiidi^ht to tnpiS^ce^ LPS s^i^l [32], whereas TL-ip 
^ini^ jtr^ J^#pi^ Hp|4Jte eiEj^ jrit<Ec^c^ at a 
s$^- bil^ecn the ttR i0c|,:|^ftli |asi adaptor ^f^^^W 
^ferentiatoi pti^Ki^ whiicS is i cstoeigetil 
between the IL'^ and LPS ^^^^^^ 
resid^Esg increase in A^tpBJ 
an^^OT^ ioci> mcdi«nlsm^ ^aigllt^ 
Intcrleukm^iP i% oft^ e#^iirid 1^ be iinppant 

observation Sat ^^Nan^i^ enhances inttaie^ln- 

lij^secxetion niay fee iM^^ 

effect in patients with inflamniatc^ diseases* However, 
^ slKndd be balanced a£^inst the knom potent anti- 
o^ddant, and hmc^ anti-inflanwnatory, actions of iV-ao^l- 
i>-<;5?stdne p?, 33, 34]. In^ther i^^^^i^an^^ for c^cample, 

,it wasiipipn^^ iN^ ^lii^ta^ite level 

■ir4^^^- l^if^^ifiM^' ;ini<iir^ e(|^ 

maLiory role, For ep^aisgp^ in an increased level of 

a^^ ^^fajt ift^Gi^ m &^^^^^'Wm^jW^i^. aiss^^ 
0tyteEi^lh a nei^^hSN^N ^di^mus hing 

leaici tinder ^Sim^ I50iij||t^^' ^jpitiE^ttpl ^^^^ liter- 
Hi Mti 



10 aa 







1 
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m^m$ -^(M W #'dH^' 




L 



CljollfiffesWaninfS^^^ ^crt€^ Etbitn Cciii^ 

phiTs and cytcSiims M Wo^ ^sad aiVeolsr spa^ di»n^ 
ARi>^ vim jRe^irCm Ckte Jm^ 1^ 03^ 59!4-^l 

f^iratoiry di«n^cs$ si^^iti^ ^mJ<&^;^€rit^C«m Mii 



3. 



FatS^ball H^. phaisg^ ni mianm^b respjc»ise of 
the lung dudug aqate ^^i^Hiiieiy ^ ^^^^ sp^^ro^^ 
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fUhnmn MiaeNcc W, Role of fi^tiscQj^n Cantors in 
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i^(^>ii^, Bhchem Spc Trans 1995; 23: 94CHN|V 
Fiedler M A, WorttJcc^Doltiic* K. Stmk JM. Mcchantsm of 
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Steal F/r, floedcrisr M, HiKrzeiiberg LA. Infiracciltilar 
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